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STUDY  OF  THE  COMPOSITIOi  OF  THE  LIGHT  FRACTIONS 


OF  SOVIET  CRUDES 


A.V.Topchiyev,  B.A.Kazanskijf,  I.A.Musayev,  G.D.Gal»pern 
H*M.Kusakov,  and  A.F.Plate  (Moscow) 


The  study  of  the  chemical  con^sibion  of  crudes  and  petroleum  products  is  of 
-great  theoretical  and  practical  interest.  Studies  establishing  the  relation  between 
-the  composition  and  the  physical  and  physilcochemlcal  properties  of  crudes  and  their 


cuts  are  of  substantial  inq)ortance. 


3.1  ogy 


Further  in^arovement  of  the  technology  of  the  petrochemical  industry,  improve¬ 


ment  of  fuel  and  oil  quality,  increasing  tpe  assortment  and  yields  of  cheeiically  val" 
uable  products,  as  well  as  successful  solujbion  of  the  problem  of  the  extraction  of 

I 

petroleum,  all  demand  continuous  deepening!  and  broadening  of  the  information  on  the 
coiip3sition  and  properties  of  petroleum  and  petroleum  products. 


Petroleum  is  a  highly  valuable  source j  of  chemical  raw  materials  for  the  produc- 
blon  of  the  most  diverse  hydrocarbons  used' as  intermediates  for  organic  synthesis  of 


substances  such  as  alcohols,  aldehydes,  ke-^ones,  acids,  esters,  nitro  products, 

I 

uoines,  high  molecular  conqsounds  (especially,  synthetic  inibbers  and  the  like). 

The  heavy  organic  synthesis  industry  |oday  is  very  closely  linked  with  the 
petrochemical  Industry.  j 

It  must  also  be  borne  in  mind  that  the  continuous  development  and  in^rovement 


he  design  of  modern  engines  (primarily  of j aircraft  engines)  leads  to  new  and  ever 


580/111 


increasing  requirements  on  fuels  and  oils.  At  the  same  time  the  petrochemical  pro^ 


cesses,  as  a  rule,  demand  rather  clearly  differentiated  raw  materials. _ _ 

It  has  been  established  that  various  hydrocarbon  and  non-hydrocarbon  conponents 


.  of  petroleum  fractions  have  widely  differing  fuel  and  lubricant  properties.  All  | 
this  makes  it  necessary  to  develop  research  to  improve  the  methods  of  isolating  and  | 
separating  the  components  of  petroleum,  ard  of  accumulating  exhaustive  data  on  their^ 
properties.  In  this  connection,  a  substantial  expansion  of  research  on  the  con?)Osi- 
tion  and  properties  of  petroleum  and  petrcleum  fractions  is  necessary. 

As  far  back  as  the  period  of  formulation  of  the  basic  propositions  of  classical 
organic  chemistry,  whose  development  was  based  on  the  theory  of  chemical  structure 
_ worked  out  by  A.M. Butlerov,  the  study  of  the  composition  of  petroleum  attracted  the 
[^attention  of  such  great  scientists  as  Watten,  Pelouse,  Kagour,  Schorlemmer,  Mayberry, 
and  D. I. Mendeleyev. 

^  Subsequent  research  of  our  countrymen  was  devoted  to  elucidating  the  properties 

H  i 

jof  the  distillates  of  Caucasian  crudes  and  their  comparison  with  Pennsylvania  crudes. 
'These  studies  led  V.V.Markovnikov  and  V.N.pgloblin  to  the  discovery  of  the  naphthen- 


_ ^^ic  hydrocarbons  in  Caucasian  crudes  and  toj  the  detailed  study  of  the  nature  of  these 

_ hydrocarbons . 

2J  The  studies  by  V.V.Markovnikov,  M.I.K jnovalov,  N.D. Zelinskiy,  N.M.Kizhner, 
Is.S.Nametkin  and  their  numerous  colleaguesj  and  pupils  laid  the  foundations  for  the 


science  of  the  chemistry  of  petroleum  hydrocarbons. 

At  the  beginning,  in  studying  the  coamosition  of  petroleum  fractions,  relative¬ 


ly  sinple  chemical  and  physical  methods  were  used:  nitration,  sulfonation,  distilla¬ 


tion,  measurement  of  density,  etc.  For 


were  usei 
extunple. 


Mendeleyev  (Bibl.l)  and  later 


Markovnikov  and  Ogloblin  (Bibl.2),  while  siudying  the  variation  in  density  of  dis- 

oJ  , 

tillates  of  Caucasian  crudes  with  their  boiling  point,  showed  that  the  periodic  char 

2 _ 

_ acter  of  this  functioneil  relationship  was  ilosely  linked  to  the  distribution  of 

napMhenic  and  paraffine  hydrocarbons  amo^g  the  fractions  of  these  crudes. 
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N.D. Zelinskiy  synthesized  several  ten  of  individual  cyclic  hydrocarbons  and 


studied  their  physicochemical  properties,  thus  considerably  promoting  the  clarifica- 
tion  of  the  chesdcal  nature  of  petroleum* 

In  1881-1^3*  Beiisteln  and  Kurbatov  (^bi.3)  used  the  nitration  method  to 


demonstrate  the  presence  of  hexamethylene  hydrocarbons  in  Caucasian  crude,  and  ob¬ 
tained  aromatic  nltro  derivatives.  Later,]  in  1889-1902,  appeared  the  classical 

I 

study  by  Konovalov  (Bibl.4)  on  the  nitratijon  of  paraffins  and  naphthenes  by  dilute 
nitidc  acid,  in  which  the  nitration  reaction  was  utilized  to  establish  the  structure 
of  the  hydrocarbons.  These  investigations!  culminated  in  the  work  of  Nametkin 


__(Bibl.5).  During  the  Soviet  period,  the  studies  on  the  nitration  of  hydrocarbons 

20— 

__were  further  advanced  by  the  work  of  Nametkin,  and  by  P.P.Shorygin,  A. I. Titov, 

! 

_A.V.Topchiyev  (Blbl.6),  and  others.  j 

The  investigation  of  the  hydrocarbon  !con?>08ition  of  petroleum  fractions  by  das-- 

26 _  I 

_ sical  chemical  methods  (nitration,  sulfona^ion,  oxidation)  involves  great  difficul- 

2dl\  I 

ties.  The  further  progress  of  research  on  the  composition  of  petroleum  was  directed 

ooq  i 

_jtoward  the  development  of  sinpler  and,  at  jbhe  same  time,  more  accurate  quantitative 

^^~lmethods  of  determining  the  group  and  individual  hydrocarbon  composition  of  petroleum 

34-1  i 

_ fractions.  These  methods  combined  cheadcal,  physicochemical,  and  physical  procedures 

38— 

_ for  separating  and  characterizing  petroleum  products. 

38— 

The  nationalization  of  the  petroleiua  industry,  which  radically  changed  its  posi- 

40-1 

_ tion  in  the  USSR,  permitted  a  decisive  reorganization  of  the  research  work  on  petro- 

42-J 

_ leum.  1 

44 —  I 

At  Baku  and  Grozny,  at  Aznefti  and  Grpznefti  respectively,  central  laboratories 

,i,g _ I  ! 

_ 'were  established,  and  at  the  end  of  the  19^0*3  these  were  reorganized  into  petroleum 

48—  I 

__research  institutes  (AzNII  and  GrozNIl).  : 

50  _.j 

j  In  1924  at  Moscow,  on  the  initiative  pf  I.M.Gubkin,  the  State  Petroleum  Research 

52  i 

~]lnstitute  (GINI)  was  organized.  ! 

In  T934»  the  Institute  of T^dssil  Fuels  was  organized  in  the  system  of  the 
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Academy  of  Sciences  USSR.  Its  organization  included  a  nuir,i:>er  of  laboratories  of  thej 
mNI,  and  In  19AS  the  Petroleuia  Institute^  AN  SS3R,  vtas  organizationally  separated 
from  it. 


In  1933,  the  Central  Institute  of  Aviation  Fuels  and  Oils  (TsIATIM)  was  organ¬ 
ized  at  the  Central  Petroleum  Administratlion,  Supreme  Council  of  National  Econonqr. 

In  1934*  this  institute  was  merged  with  the  chemical  and  technical  laboratories  of 
the  GINI.  In  1955,  it  was  renamed  All-Union  Research  Institute  for  the  Petroleum 
Industry  (VNII  NP). 

The  study  of  the  conposition  of  petrojleum  products  by  chemical  and  physical  re¬ 
search  methods  was  successful.ly  developed  in  these  institutes. 

The  work  by  Zelinskiy  on  selective  catalytic  dehydrogenation,  which  opened  new 
paths  in  the  study  of  the  structure  of  naphthenic  hydrocarbons,  was  of  great  impor¬ 
tance  for  the  study  of  the  conqposition  of  petroleum  fractions  (Bibl.7-ll). 


As  far  back  as  1911,  Zelinskiy  showed 
passed  over  such  catalysts  as  Pt  and  Pd  on 


that  cyclohexane  and  its  homologs,  when 
charcoal  at  300®C,  are  quantitatively  conj- 


verted  into  the  corresponding  aromatic  hydrocarbons  (Bibl.7).  The  pentamethylene 
hydrocarbons  were  not  dehydrogenated,  in  this  case. 

As  long  ago  as  1912,  N.D. Zelinskiy  used  the  reaction  discovered  by  him  to  in¬ 
vestigate  the  petrolevim  fractions  of  Baku  jcrudes,  and  proved  the  presence  of 


n. 


jmethylcyclo hexane  in  them  (Bibl.l2).  1 

Selective  catalytic  dehydrogenation  subsequently  became  one  of  the  most  fruit- 

! 

ful  methods  for  investigating  the  structurje  of  naphthenic  hydrocarbons  of  petroleum. 

! 

In  the  1920»s  -  1940* s,  using  this  method,;  Zelinskiy,  together  with  his  colleagues 

and  pupils  of  Moscow  University  (B.A.Kazanpkiy,  Yu.K.Yur*yev,  N.I.Shuykin, 

! 

I 

A.M. Rubinshteyn,  G.D.Gtal*pem,  I.A.Musayevj  etc.;  Bibl,13)  studied  the  composition 
of  the  gasoline  fractions  of  crudes  from  BAku,  Emba,  Chusov  Hills,  Ishimbay,  and 


other  USSR  oilfields. 


^4. 

£3- 

58- 

00- 


In  the  1930*s  the  method  of  catalytic' dehydrogenation,  based  on  Zelinskiy* s 
jMCX-580/III  -i 


_  -grca«j_jcs>nipQ.8i,tlQii_  of  the.  ^soline-kerosenti 
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process,  was  employed  at  the  Grozny  Petrolmim  Research  Institute  to  investigate  the 


Kazanskiy  and  coworkers  (Bibl. 15-17)  inve^igated  the  so-called  "octanaphthene**  and 


'*nonanaphthene**  fractions  of  Suraksan  gasoudne,  and  identified  a  number  of  cyclo- 


[18 )  investigated  the  gasoline  from  Fergana 
^sollne  from  the  heavy  Ukhta  crude, 
Asian  crudes  (the  Shorsu,  Khaudag  oll- 


24_J 
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hexane  homologs  in  it.  Rubinshteyn  (Bibl. 
crude,  while  Yur^yev  and  coworkers  studied 
Changartysh  crude,  and  a  number  of  Central 
fields,  etc.)  (Bibl. 19-23). 

Zelinskiy  and  Kazanskiy  (Bibl. 24)  firjst  demonstrated  the  presence  of  decalin  in 
Baku  gasoline  and  showed  the  applicability^  of  the  method  of  catalytic  dehydrogena¬ 
tion  to  the  investigation  of  the  compositijon  of  petroleum  fractions  boiling  higher 
than  the  gasoline. 

_ I  Yur*yev  and  Musayev  studied  the  group 

kerosene  fraction  of  Kalin  crude  (Bibl.25) 

Zelinskiy,  Musayev,  and  Gax^pem,  using  catalytic  dehydrogenation,  investigated 
the  group  chemical  conposition  of  a  series 


of  five-degree  i^soline-ligroin  cuts, 

_  Jtaken  from  the  Jurassic  crude  of  the  Kos-C^agyl  fields  in  the  range  from  30  to  250®C 


(Bibl. 26,  72).  An  exceptionally  high  conti 
found  in  these  fractions.  In  the  gasoline! 


fractions  of  Grozny  crudes  (Bibl . I4). 


chemical  con^sitlon  of  the  gasoline- 


jent  of  cyclic  hydrocarbons  ( *•  80^)  was 
fractions  up  to  215®C,  hexahydroaromatic 


— hydrocarbons  predominate  among  the  cyclic  compounds 


—  In  1935,  Panyutin  and  Firsanova  (Bibl 


,28),  using  rectification  and  catalytic 


dehydrogenation,  studied  the  chemical  con^sition  of  Surakhan  gasoline.  The  authors 
succeeded  in  estimating  the  concentration  of  the  individual  hexa-  and  pentamethylene] 
hydrocarbons  and  in  showing  that  the  gasoline  consisted  \  rimarily  of  methylcyclo- 

j  I 

jhexane,  cyclohexane,  and  l,4-dimethylcyclo|iexane.  The  presence  of  p-xylene,  which 
could  be  separated  in  the  pure  form,  was  dfetected  in  the  catalyzate. 

The  group  composition  of  the  gasoline^ligroin  fractions  of  18  individual  Soviet! 


56_ 


60. 


crudes  was  studied  by  Gal»pem  (Bibl. 29-31  j)« 
kCL-580/III  J 


All  the  above-listed  studies  showed  tihe  content  of  cyclopentanes  and  cyclo- 
I  hexanes  to  vary  widely  In  the  gasolines  pTOduced  frpm  the  crudes  of  various  deposits! 


in  the  USSR. 


A  group  of  scientific  workers  at  the 


Grozny  Petroleum  Research  Institute 
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(M.D.Tilicheyev,  R.D.Virabyants,  L.G. Zherdeva,  A.N.Doladugin,  M.G.Yegorova  at  el, 


under  the  supei^sion  of  A.N.Sakhanov),  in 


the  early  1930»s,  developed  the  analysis 


methods  for  the  group  composition  of  petroleum  fractions.  The  method  of  "aniline 


point"  found  very  wide  use  (Bibl.14).  The 


method  of  determining  the  group  chemical 


conposition  of  crudes  and  petrolevim  producjts  proposed  by  GrozNII  is  still  being  used! 
at  research  and  plant  laboratories. 

The  basic  trend  of  the  research  by  trie  GINI  and  IGI  was,  at  first,  the  refine¬ 
ment  and  further  differentiation  of  the  m^hod  of  group  analysis  of  straight-run 

i 

petroleum  products. 

A  considerably  more  conplex  problem  ajrises  in  the  analysis  of  the  group  chanical 
composition  of  cracked  gasolines,  which  in|  some  cases  contain  over  30^  of  unsaturateji 
con^jounds 

The  first  difficvilty  encountered  by  t|ie  investigator  studying  the  group  con^osif 
tion  of  cracked  gasolines  is  that  most  of  jthe  reagents  ordinarily  used  to  determine 


the  content  of  unsaturated  hydrocarbons  al 


so  affect  the  aromatic  hydrocarbons  more 


jor  less,  and  lead  to  a  partial  polymerization  of  the  unsaturated  hydrocarbons, 
jrilicheyev  and  Masina  (Bibl.14),  at  the  GrszNII,  proposed  a  standard  method  based  on 


■’-A. 


■18- 


■-/I 


_jthe  use  of  "aniline  factors",  to  determine,  the  content  of  unsaturated  and  aromatic 
.jhydro carbons  in  standard  wide  cuts.  In  another  version  of  the  technique,  the  per- 
_}centage  of  unsaturated  hydrocarbons  is  calculated  from  the  iodine  nvanber  and  the 
-Inolecular  weight  of  the  fraction.  The  two 'versions  of  the  methods  include  the  total 
-jremoval  of  the  aromatic  and  unsaturated  hy^ocarbons  by  sulfonation. 
j  Nametkin  and  Robinson  (Bibl.32-34)  haj-e  proposed  an  improv<?d  method  of  step 


■  1 .1- 
’-S 


-janalysis  of  the  group  chemical  composition^ of  cracked  gasolines.  It  consists  in  firsp 

i  i 

1 
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determining  the  total  olefins  (by  mefuis  of 
I  aromatic  and  naphthenic  hydrocarbons  (by  t 


siilfur  monochloride),  and  then  of  the 
jhe  aniline  method)* _ 


Gal’pem  and  Vinogradova  (Blbl. 35-38)^ 


28- 


gave  a  critical  analysis  of  the  Max- 


lUiney  bromometrlc  method,  and  first  applied  the  Kauf&ian  bromometric  method  to  the 
analysis  of  petroleum  products.  This  method  wis  subsequently  carefully  developed 
and  found  wide  use  in  laboratory  practice.j  These  methods  determine  only  the  total 
unsaturated  hydrocarbons,  but  do  not  determine  the  types  of  unsaturated  conqpounds 
present. 

Zelinskiy  and  Levina  (Bibl.39,  AO)  halve  catalytic  applied  hydrogenation- 
dehydrogenation,  in  conjunction  with  the  sulfuric  acid  method,  to  establish  the  rel¬ 
ative  concentration  of  cyclic  and  aliphatijc  unsaturated  hydrocarbons  in  cracked  gas¬ 
olines  . 


Terent’yev,  Gal’pem,  and  Vinogradova 


l.-iethod  of  determining  the  conjugated  dienee  in  cracked  gasolines,  in  conjunction  with 


JO. 


1 

-jbromometry,  to  differentiate  the  uiisaturat^ 


led  hydrocarbons  in  secondary  gasolines. 
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An  indirect  indication  of  the  structure  of  unsaturated  hydrocarbons  is  given  by 


the  amount  of  hydrogen  bromide  liberated  o| 

i 

stated  by  Gal^pern  (Bibl.38)  and  also  by  A 


ti  running  a  bromometric  determination,  as 
.A.Petrov  (Bibl.A2).  Petrov  establishes 


the  possibility  of  explaining  this  phenomenon  on  the  basis  of  Tishchenko^s  views  on 
the  halogenation  of  unsaturated  hydrocarbons,  which  he  developed  in  the  19A0*s 

(Bibl.43). 

Musayev  and  Gal*pem,  from  a  number  ojT  individual  unsaturated  and  aromatic  hy¬ 
drocarbons  and  their  mixtures,  have  shown  '^hat  copperized  asbestos,  under  certain 

'  I 

1 

conditions,  under  hydrogen  pressure,  will  Selectively  hydrogenate  only  the  unsatu¬ 
rated  hydrocarbons  (Blbl.AA-A6). 

On  the  basis  of  this  work  in  the  Petrj>leum-Chemistry  Laboratory  imeni 

I 

is.S.Nametkin,  the  researchers  Topchiyev,  MAsayev,  and  Gal»pem  have  proposed  a  com- 


(Bibl.Al)  have  proposed  a  diazometric 


)8_  ' 


58- 


Ibined  method  of  investigating  the  detailed^  group  chemical  composition  of  cracked 

"  "  1 
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gasollnes  (Blbl.47)*  This  method  Includes  the  total  removal  of  unsaturated  and 
!^rn»"fttlc  con^aounds  by  s\3J.furic  acid,  selective  hydrogenation  of  the  unsaturated  hy- 


drocarbons,  and  analytical  dehydrogenation  of  the  hexahydroaromatlc  hydrocarbons. 


The  method  permits  determination,  In  stancard  cuts  of  cracked  gasoline  (free  of  sul-l 
fur  compotinds),  of  the  following  groups  oi  hydrocarbons:  aromatics,  alkenyl-aromatic! 
aikenes,  alkanes,  cy denes,  and  cyclanes  (,the  six-  and  flve-membered  compounds  sepa-> 
rately). 

With  the  proposed  method,  the  authord  Investigated  thermally  cracked  and  catal-j 
ytically  cracked  gasolines  produced  from  Grozny  paraffinic  crude.  They  found  that 
the  60  -  20C°C  cut  of  the  thermally  cracked  gasoline  was  characterized  by  a  high  conj- 
tent  of  unsaturatod  hydrocarbons,  mainly  alicyclic,  and  by  the  presence  of  an  appre-j 
ciable  concentration  of  unsaturated  hydroejarbons  with  a  six-member  ring.  The  60  - 


[shows  a  low  content  of  unsaturated  hydro- 
of  aLliphatic  compounds  and  compounds  wlthj 


-  200°C  cut  of  catalytic-cracked  gasoline 
carbon,  consisting  In  almost  equal  amounts 
a  five-member  ring,  at  almost  complete  absence  of  six-membered  unsaturated  hydro¬ 
carbons. 

! 

By  means  of  the  same  method,  Glushnevj  and  Nepryakhina  (Bibl.48,  49)  investi¬ 
gated  the  composition  of  gasolines  from  oxjidative  cracking  and  from  reforming. 


Mamedaliyev  and  Rzayeva  have  shown  th! 


je  possibility  of  selective  hydrogenation 


•:i6- 

48- 

50- 

52. 

54- 

58- 

80- 


Jof  the  unsaturated  hydrocarbons  in  various;  fractions  of  thermally  cracked  gasoline 
]and  of  pyrolysis  over  a  kieselguhr-supportled  nickel  catalyst  at  various  temperatures 
_ kn  a  stream  of  hydrogen  (Bibl.jjO). 

ilj 

j  In  investigating  the  group  conpositiop  of  the  gasoline  fractions  of  petroleian, 

I 

since  the  1940* s,  workers  have  used  the  refractometric  and  dispersion  methods,  based 
on  the  assumption  of  additivity  of  the  specific  refraction  and  dispersion  of  the 

_ iconponents  of  hydrocarbon  mixtures  (Bibl.5i-54)»  l^i  particular,  methods  of  determiny 

Zing  the  aromatic  hydrocarbons  in  gasolines^  based  on  this  principle,  are  widely  used 


Tiiicheyev  and  dkinshevich  (Bibi.55,  ^6)  have  developed  a  cryoscopic  method  of 
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quantltatlve  detenolnatlon  of  aromatic  hytjrocarbons,  and  of  the  total  quantity  of 
a.rr^Tnaf.^f!  anri  iinaaturated  hydrocarbons  In  ffisollneSf  kerosenes,  and-ddiesel  fuels ^ 
using  cyclohexane  as  the  solvent. 


The  rapid  growth  of  petrolevim  extraction  in  the  deposits  of  the  Second  Baku 

have  confronted  our  research  organizations  with  the  problem  of  finding  more  rational] 

» 

methods  of  refining  sxilfur-bearing  crudes.  In  this  connection,  studies  of  sulfur 
compounds  in  crudes  and  petrolexam  products!  have  become  particularly  important,  as 
has  the  development  of  desxilfurization  methods  for  crudes.  The  results  of  research 
in  this  field  should  be  discussed  separately. 


Nametkin  paid  great  attention  to  the  possibility  of  analytical  use  of  the  re¬ 
action  of  nitration  of  aliphatic  and  paraffinic  hydrocarbons.  Thus  Nametkin, 

I  I 

[Nifontova,  and  Amirkhanova  (Bibl.57,  58),  !by  the  nitration  of  brown-coal  paraffin, 
petroleum  paraffin  and  petroleum  ceresin,  {obtained  interesting  conclusions  on  the 


— jchemical  structure  of  the  hydrocarbons  composing  the  paraffins  and  ceresins. 


^0. 


— j  A  comparative  study  of  the  composition  and  properties  of  gasolines,  kerosenes, 

—  and  lubricating  oil  produced  from  Soviet  cirudes  has  been  initiated  at  the  Petroleum- 
32—  I 

— ^^Chemistry  Laboratory  of  the  GINI,and  later  at  the  Institute  of  Fossil  Fuels,  Academy] 

34 — I 


36- 

38- 


40_^ 


jof  Sciences  USSR,  under  the  supervision  ofj  S.S.Nametkin. 

In  collaboration  with  Putsillo,  Nifontova,  Shakhnazarova  and  Abakumovskaya, 
kJametkin  (Bibl.59)  has  given  a  general  cheinical  characterization  of  a  number  of 


— jSakhalin  crudes  (Okha,  Nutovo,  Katangli,  EJchabi,  Chakry,  Lyangri  deposits),  of 


A9  I 


44 


— Kamchatka  crude  (Bogachevsk  deposit),  and  of  Ural  crude  (Perm  deposit),  etc. 


n 


43. 


The  group  chemical  composition  of  the^  bright  fractions  of  a  number  of  Caucasian 

t  ; 

i 

crudes  had  already  been  investigated  in  detail  in  the  1920*  s  -  1930’ s  by  the  members 

I 

—of  the  GrozNII  already  mentioned  (Bibl.14). 


52 -J 


A  group  of  workers  at  the  Azerbaydzhan  Petroleum  Research  Institute  imeni 


■^4. 
56. 
58- 
JO-— ' 


-  jv.V.Kuybyshev  (AzNIl),  under  the  supervision  of  A.M.Plotko,  has  systematically  in- 


Ivestigated  the  crudes  of  Azerbaydzhan,  Georgia,  and  Trans-Caspia,  which  were  later 
MCL- 580/111  9 
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studied  by  V.S.Gutyrl  as  well.  The  results  of  these  studies  have  been  collected  in 


a  monograph  authored  by  Gutyri,  Masumyan. 


IBukhjj  and  Lisovstojpa  (Bibl.60). 


S.N .Pavlova,  A.S.Velikovskiy,  E.V.Driktskaya,  L.A.Potolovskiy  and  others  at  the 


Petroleum  Industry  Research  Institute  hav^ 


analysis  of  USSR  crudes  and  on  the  basis  ojf  the  materials  obtained,  have  given  data 
for  their  assay  certificates. 


The  results  of  many  years  of  work  un<ji 
Pavlova,  first  at  the  GINI  and  then  at  thej 
(Bibl.6l)  and  in  a  monograph  (Bibl.62). 

Under  the  direction  of  Ye.A.Robinzon, 

|A. Ye. Arbuzov,  Kazan  Branch  Academy  of  Sciences  USSR,  at  the  Petroleum-Chemistry 
Laboratory,  a  systematic  study  has  been  going  on  since  1946  of  the  Tatar  crudes. 


developed  a  sin^e  method  for  the  typical 


jer  the  supervision  of  Velikovskiy  and 
VNII  NP,  have  been  collected  in  a  manual 


at  the  Chemical  Institute  imeni 


which  are  of  great  industrial  importance. 


These  studies  have  been  collected  in  a 


[monograph  (Bibl.63)  giving  the  physical  properties  and  the  results  of  group  and  ringj 
chemical  analysis  of  the  hydrocarbons  of  these  crudes.  In  1957»  these  data  were  subj- 
stantially  supplemented  (Bibl.64).  ] 

ALl  the  above  material.s  refer  to  the  characterization  of  the  group  chemical 
composition  of  petroleum  distillates  and  play  an  important  part  in  evaJ-uating  the 
[quality  of  crudes  and  petroleum  products  from  their  group  criteria,  especially  with 
respect  to  the  low-boiling,  gasoline  and  ksrossne  fractions. 

Together  with  studies  of  the  group  chpmical  composition  of  crudes  and  petroleum 

_ products,  performed  for  the  most  part  at  the  laboratories  of  the  petroleum  industry, 

at  the  Academy  of  Sciences  USSR  (Petroleumj Institute  and  Institute  of  Organic  Chemis¬ 
try),  and  at  Moscow  University,  work  has  adso  been  done  on  the  individual,  composition 
of  straight-run  gasoline  (N.D. Zelinskiy,  B^A. Kazanskiy,  G.S.Landsberg,  and 
i.V.Topchiyev).  1 

The  first  attempts  to  use  the  Raman-s^ectrum  method  for  the  analysis  of  light 


56- 


00- 


jpetroleum  products  were  made  in  the  USSR  in  1938  at  the  Institute  of  Physical  Chemis«- 
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try  imeni  Karpov  by  Vol^kenshteyn  and  Shorygin,  who  investigated  the  individual  con^ 
jponittan  of  a  number  of  fractions  of  several  natural  gasolines p  cracked  atsolines 


(without  unsaturated  hydrocarbons),  and  sjmthene  (Bibl. 65-68). 


tute  of  Organic  Chemistry  imeni  N.D.Zelinsj 
Ye.  A  .Mikhaylova,  A. L. Liberman,  et  al)  and 
cademy  of  Sciences  USSR  (P.A.Bazhylin,  M.j 


Kazanskiy  and  Gasan-Zade  (Bibl. 69)  have  studied  the  conqjosition  of  the  frac¬ 
tions  of  Kala  crude,  in  one  of  the  first  exanqjles  of  the  successful  combination  of  ^ 
the  method  of  catalytic  dehydrogenation  with  the  Raman-spectrum  method,  applied  to  a; 
mixture  of  cyclopentane  hydrocarbons  and  paraffinic  hydrocarbons. 

These  studies  began  to  achieve  particular  success  after  the  development  of  a 
Raman-spectrum  metliod  of  quantitative  analysis  of  the  individual  conqjosition  of 
straight-run  gasoline  fractions  with  an  erd  point  of  150^C  (Bibl. 70),  imder  the 
supervision  of  B.A.Kazanskly  and  G.S.Landsberg,  by  a  group  of  workers  at  the  Insti- 


|kiy.  Academy  of  Sciences  USSR  ( A. F. Plate, 

the  Physical  Institute  imeni  P.N. Lebedev, 
.Suskiy,  et  al). 


This  method  is  based  on  the  chromatographic  separation  of  aromatic  hydrocarbons 


—■from  the  naphthenic  and  paraffinic  hydrocalrbons,  followed  by  an  analytical  dehydro- 

32-^ 

_  Jgenation  of  the  dearomatized  portion,  and  repeated  chromatography  of  the  catalyzate. 


34- 

36- 

38- 

40- 

A9 


formed  as  a  result  of  the  auialytical  dehydrogenation,  and  the  residue  of  \mdehydro- 


genated  paraffins  and  naphthenes  (pentamet 


40—, 
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The  initial  aromatic  hydrocarbons,  as 


well  as  the  aromatic  hydrocarbons  newly 


^lene  and  unsubstituted  hexamethylene 


[hydrocarbons)  are  separately  distilled  into  narrow  cuts  in  an  efficient  colum.  The 

j 

coiqposition  of  the  resultant  narrow  cuts  i^  investigated  by  means  of  the  Raman- 
spectrum.  The  successful  application  of  tke  Raman-spectrum  method  necessitates  a 


careful  and  systematic  study  of  the  Raman  spectra  of  the  individual  hydrocarbons  tha' 
—jnight  be  present  in  the  fractions  under  injrestigation. 

A  large  number  of  high-purity  individijial  hydrocarbons  of  various  classes  have 
Jbeen  prepared  at  the  Institute  of  Organic  Ohemistry  Academy  of  Sciences  USSR  by 


58 
60-! 


jB .A .Kazanskiy  and  associates.  The  Raman  spectra  of  these  hydrocarbons  have  been 
S1CL-58Q/III 


.  studied  at  the  Physical  Institute  imenl  P.N.Lebedev,  Academy  of  Sciences  USSR. 

_ The  Raman  spectra  of  several  hundred  individual  hydrocarbons,  carefully _ 

measured,  have  now  been  obtained  by  P.A.B«,zhulin,  Kh.Ye.Stem  et  al  (Physical  In- 

I 

stitute  imenl  P.N.Lebedev,  Academy  of  Scitnces  USSR  and  Spectroscopic  Commission, 
Department  of  Physical  and  Mathematical  Sciences  Academy  of  Sciences  USSR),  by 
V.M.Tatevskiy  and  associates  (Moscow  State  University),  and  by  a  number  of  other 
Soviet  investigators.  Sushchinskiy  (Bibl.7l)  has  solved  the  question  of  rationally 
measuring  the  intensity  of  the  spectral  lines,  and  has  worked  out  a  method  of  con¬ 


version  of  the  intensities  of  lines  measuied  in  different  systems.  An  atlss  has 

-been  compiled  as  a  result  of  this  work  (Bibl.73)»  It  contains  the  Raman  spectra  of 

) _ 

--278  hydrocarbons,  with  the  line  intensities  reduced  to  a  single  system,  permitting  a 
^—  reliable  quantitative  analysis. 

—  Based  on  this  Raman-spectrum  method,  and  to  provide  grounds  and  verification 

i — 

— ifor  it,  a  systematic  study  of  the  individual  composition  of  straight-run  gasolines 


— ^from  various  USSR  crudes  was  conmenced  in  1948  at  various  laboratories. 

'jO — 

j  This  work  was  performed  at  the  Institute  of  Organic  Chemistry  imeni 

--!N.D. Zelinskiy  tinder  the  direction  of  B.A.Kazanskiy  by  A.F.Plate,  Ye. A  .Mikhaylova, 
34—  I 

—  A. L. Liberman  et  all  in  collaboration  with  the  Physical  Institute  imeni  P.N.Lebedev 

36  r 

— Academy  of  Sciences  USSR,  under  the  direction  of  G.S.Landsberg,  by  P.A.Bazhulin, 

38 —  ! 

—M.M. Sushchinskiy  and  others  (Bibl. 74-80);  knd  at  the  Petroleum  Institute,  Acadeny 


— jof  Sciences  USSR,  under  the  direction  of  AjiV.Topchiyev,  by  I.A.Musayev,  G.D.Gal*pem 

— jand  A.I.Kislinskiy  (Bibl. 81-91).  ( 

44  ! 

;  I 

—  A  total  of  11  gasolines  from  crudes  of  various  deposits  were  investigated. 

•ib  j 

— jrhese  deposits  were  as  follows:  Azerbaydzhan  (three  samples  of  Surakhan,  two  sanples 

48  '  i 

- j  , 

-pf  Kazanbulak  and  Karachukhur),  Turkmenia  (Nebit-Dag  of  the  central  region,  red 

ptrata  and  western  region,  Akchagyl*  stagej),  Kazakhstan  (Emba,  Koschagyl),  Bashkir 
— (Tuymazy),  and  Tatar  (Romashkin,  Mininbayey  structure). 


The  method  used  at  the  petroleum  institutes  for  examining  gasolines  from  the 


_  t 
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Surakhan  ordinary  crude  and  from  the  crude  of  the  Central  Nebit-Dag,  differs  some- 


»hat  from  the  Raman-spectrum  method  (BiblJ 
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portion  of  the  gasolines,  prior  to  the  hydrogenation  but  after  chromatographic  sopa4 


ration  of  the  aromatic  hydrocarbons  by  silica  gel,  was  distilled  in  a  column  equiva-| 
lent  to  100  theoretical  plates  into  narrovi  cuts  boiling  from  60  to  150°C  (about 


40  fractions),  after  which  the  Raman  spect 
examined.  The  fractions  were  then  dehydrc 


sultant  catalyzates  were  recorded.  The  stjbsequent  operations  were  dearomatization 


of  the  catalyzates,  and  spectral  analysis 


This  analytical  procedure  permitted  an  elucidation  of  the  degree  of  the  side  pro¬ 


cesses  (cyclization,  hydrogenolysis,  etc.) 
tion;  in  this  way,  the  ratio  of  the  indivi^ 


84,  85) •  Here  the  naphthene-paraffin 


ra  of  these  fractions  were  recorded  and 
genated,  and  the  Raman  spectra  of  the  re- 


of  the  pentamethylene-paraffin  residue. 


acconqjanying  the  analytical  dehydrogena- 
dual  stereoisomeric  forms  of  the  disub- 


stituted  and  polysubstituted  cyclohexane  ajnd  cyclopentane  hydrocarbons  in  the  gaso¬ 
line  fraction  could  be  estimated. 
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The  gasoline  of  the  Nebit-Dag  crude  (ifrom  the  central  region)  which  had  not 
-Ibeen  subjected  to  catalytic  dehydrogenation  showed  several  stereoisomeric;  forma  of 
cyclohexane  and  cyclopentane  hydrocarbons. 

The  predominance  of  the  cis-l,3-disubi 
was  shown,  as  well  as  the  predominance  of 


disubstituted  hydrocarbons  over  the  corresponding  cis-forms.  In  other  words,  the 


thermoclynaniically  more  stable  forms  were  p] 
In  this  work,  it  was  experimentally 


stituted  hydrocarbons  over  the  trans-forms 
the  trauis-1,2  and  the  trans-1,4- 


iredominant . 

nstrated  that  the  fundamental  reaction 


jduring  an  analytical  dehydrogenation  was  a  conversion  of  the  hexahydroaromatic  hy¬ 
drocarbons  into  the  corresponding  aromatics.  Neither  cyclization  nor  aromatization 
jof  the  paraffinic  hydrocarbons  was  observed.  The  hydrogenolysis  of  the  pentamethyl- 

ene  ring,  ..  ider  the  conditions  adopted  for'  suialytical  dehydrogenation,  was  not  en- 

,  j 

[tirely  excluded.  Its  role,  however,  was  apparently  insignificant.  In  the  corre¬ 


sponding  gasoline  fraction,  the  1,1-dimeth^lcyclohexane  is  partially  converted  into 
jMa]L-58C/lII  13 


toluene,  with  a  simultaneous  liberation  of  methane  (Kazanskiy  and  Liberman  reaction) 


The  interconversion  of  the  cis-  and  trans4forms  of  certain  cyclopentane  hydrocarbons 
_ is  possible  (Bibl.85,  89»  90,  9l)« 

_  By  comparing  the  spectra  of  the  136  -  150°C  fractions  before  and  after  dehydro- 

3— 

_  genation,  the  probable  frequency  of  several  analytical  lines  was  established  for  the 

3_ 

_  spectra  of  certain  hexamethylene  hydrocarl ons  for  which  the  literature  has  either  no 

2_ 

_  data  at  all,  or  gives  data  only  for  the  spectra  of  mixtures  of  stereoisomers. 

1_ 

Topchiyev,  Musayev,  and  Gal* pern  have  recently  shown  that,  on  dehydrogenation 

3_ 

_  of  the  naphthene-paraffin  portion  of  gasoline,  certain  amoxmts  of  unsaturated  coia- 


pounds  are  formed.  It  was  chromatographically  possible  to  separate  from  the  cataly- 


.  zate  a  mixture  of  unsaturated  hydrocarbons|  with  a  boiling  range  of  78  -  140  C  and 
with  a  mean  iodine  niomber  of  290.  It  was  established  from  the  Raman  spectra  (by 
. I.A.Kislinskiy)  that  the  unsaturated  hydrocarbons  consist  of  olefins  and  cyclo- 


_ olefins . 

An  investigation  of  the  individual  conposition  of  straight-run  gasolines  showed 

30— j 

_'then  to  contain  as  many  as  120  -  130  hydrocarbons.  This  is  no  less  than  70^  of  the 

3Z-\ 

_ :total  number  of  possible  hydrocarbons  in  tne  same  boiling  range.  With  such  ein  abun- 

34_! 

_ 'dance  in  the  general  con^iosition  of  the  gasoline,  the  concentration  of  the  individual 

38J 

_ hydrocarbons  is  ext^'emely  varied.  Thus  the  five  most  abundant  hydrocarbons  in  each 

38J 

—  gasoline  made  up  from  18  to  36^  of  the  entire  sanqjle.  Other  USSR  gasolines  exhibit 

40— 

_ the  same  characteristic  feature  in  their  C3n?>osition  (Bibl.74-78). 

42 

_  Similarity  of  the  chemical  con5X)sition  and  physical  properties  of  the  hydrocar- 

44  _  i 

_bons  was  established  for  the  gasolines  from  the  Nebit-Dag  crudes  and  the  Kazanbulak 


_ and  Karachukhur  crudes  as  well  as  for  the  gasolines  produced  from  the  Devonian  crudei- 

48-  : 

_ of  the  Romashkin  and  Tuymazy  oilfields.  . 

v*’-' - 

The  most  characteristic  features  of  tiie  composition  of  the  straight-run  gaso-  ! 

rr,  I 

Uw -  » 

__  lines  examined  were  as  follows;  The  hydrocirbon  composition  of  the  gasolines  from  j 
-  the  Central  Nebit-Dag  crude  (from  the  red  stratum)  differs  strongly  from  that  of  thei 
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lis  hlghfer  in  naphthenes  and  Isoparaffins. 
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gasolines  from  the  Western  Nebit-dag  crude  (from  the  Akchagyl*  stage).  The  former 


properties,  the  gasolines  from  the  Nebit-dmg  crudes  approach  those  from  the  crudes 


of  the  Azerbaydzhan  oilfields  (Karachukhun  and  Kazanbulak).  The  gasoline  from  the 


Devonian  crudes  of  the  Mininbay  structure 


In  chemical  composition  and  plorsical 


of  the  Romashkln  oilfield  in  Tatary  has  a 


hydrocarbon  composition  and  physical  properties  resembling  those  of  the  gasoline 
from  the  Devonian  crudes  of  the  Tuymazy  oilfield  in  Bashkiria,  and  is  distinguished 
by  its  elevated  content  of  norma].,  paraffins.  The  Romashkln  gasoline  differs  from 
the  Tuymazy  product  in  its  elevated  content  of  2-methylpentane  and  2-methylhexane. 
The  gasoline  from  the  Jurassic  Koschagyl  crude  is  high  in  cyclohexane  hydrocarbons 
and  resembles  the  composition  of  the  gasoljine  from  Surakhan  selected  crude  and  from 
Nebit-dag  crude  from  younger  strata.  The  gasoline  from  the  Surakhan  oily  crude  dif- 

_ |fers  sharply  from  the  gasolines  from  the  sjurakhan  ordinary  crude  in  that  it  has  a 

26- 

_ higher  content  of  normal  paraflins.  The  s^e  difference  is  observed  for  the  two 

.Kazanbulak  crudes.  In  both  cases,  the  difi 
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ference  in  the  gasoline  conposition  is 
apparently  comected  with  the  difference  ii  the  depth  of  the  oil  deposits.  The  gas¬ 
olines  from  Karachukhur  crude  are  distinguished  by  high  contents  of  toluene, 
n-paraffins,  and  ethyioyclohexane.  The  First  Kazanbulak  crude  is  characterized  by 
gasoline  with  elevated  isoparaffins. 

Kazanskiy,  Landsberg  and  Plate,  with 


_ plied  the  Raman-spectrum  method  of  examining  gasolines  to  the  aromatic  and  hexahydro| 


42 

44- 

46- 

48l 

50 


heir  associates  (Bibl.72,  80),  have  ap- 


romatic  hydrocarbons  of  the  ligroin  from  the  Bnba  crude  of  the  Koschagyl  field. 

Shuykin,  Novikov,  and  Naryshkina  (Bibi.92),  using  the  Raman-spectrum  method  and 

i 

oxidation  with  a  potassivun  permanganate  solution,  investigated  the  content  of  in¬ 
dividual  aromatic  and  hexamethylene  hydrocarbons  in  the  136  -  lhU°Cf  lUU  -  150°C, 


land  150  -  156°C  fractions  of  Maykop  gasoliijie.  They  found  these  fractions  to  contain 

-2l| 

_Jnono-,  di-,  and  tri-substituted  homologs  of  cyclohexane  and  benzene. 


'4 


DO- 


5B- 


60- 


Zizin,  Yasnopol» skiy,  and  Ash\imov,  at  the  Azerbaydzhan  Petroleum  Industry  Re- 
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0. 


search  Institute  imenl  Kujbyshev  (Bibl.93}f  Inver tlgated  the  gasolines  from  15  Baku 
-[orudes  by  a  simplified  RanuLn-«pactr»m  matl-Qd  (3ur.akhan  selective,  Surakhan  ordinary. 
Upper  Kalinin,  Lower  Kalinin,  Kalinin  suite.  Upper  Permian,  Lower  Permian,  Gyurgyav, 

Lower  Karachukhur,  Itabak,  Neftyanyye 


Balakhan  oily,  Binagad,  Upper  Karachvikhur,| 
Kamni,  Bibi  Eybat  waxy).  They  found  that 


all  the  gasolines  examined,  (except  the 
gasolines  from  the  Gyurgyav  crude)  contalred  more  naphthenes  than  paraffins.  Among 
the  naphthenes,  the  cyclohexane  hydrocarbons  predominated  over  the  cyclopentanes; 
among  the  paraffins,  the  isohydrocarbons  piredominated.  In  all  these  gasolines,  the 


content  of  aromatics  was  exceedingly  low, 
Karachukhur  crude,  which  did  contain 
hexane  and  methylcyclohexane  were  of  the  gj: 


except  for  the  gasoline  from  the  Lower 
of  toluene.  The  erodes  with  high  cyclo- 
reatest  interest. 


8... 

i0_ 

12  _ 

14  _ 

16- 
18- 
20l_i 

n*> 

24 
26 

28_! 

60. 

32q 
34 
36 
38 
40 
42 

_ KS  suite. 

iiZ)  I 

These  authors  detected  methylcyclopeniane  by  the  Raman- spectrum  method,  in  the 


The  cyclohexane  content  of  the  gasolines  from  some  erodes  ran  as  high  as 
and  the  methylcyclohexane  as  high  as  23.6^. 

Pishnamazzade  and  coworkers,  at  the  Petroleum  Institute,  Academy  of  Scieiices 

_ |AZSSR  (Bibl.94»  95)»  used  the  Raman-spectrimi  method  to  investigate  the  individual 

hydrocarbon  composition  of  straight-run  gasolines  from  the  marine  deposits  of  the 
.;PK  and  KS  suites  of  the  Neftyanyye  Kamni 
in  the  gasoline  from  the  PK  suite,  and  the] 


They  found  the  naphthenes  to  predominate 
paraffins  in  that  from  the  KS  suite. 


Among  the  paraffins  in  the  gasoline  from  t|ie  PK  and  KS  suites,  paraffins  with  one 
and  two  tertiary  carbon  atoms  predominate.  The  gasoline  from  the  PK  suite  contains 
more  cyclohexanes ,  cyclopentanes,  and  normij.  paraffins  than  the  gasoline  from  the 


46,- 

_ |127  -  133°C  and  133  -  138°C  fractions  of  the  KS  suite  and  in  the  127.5  -  132°C  and 

- 1  I 

__132  -  136  C  fractions  of  the  gasoline  from, the  PK  suite.  This  observation  requires 

50.  J 

Ifurther  physicochemical  justification.  j 


'4  ! 

'■~T" 


Khodzhayev,  at  the  Institute  of  Chemistry,  Academy  of  Sciences  Uzbek  SSR, 


^studied  the  individual  hydrocarbon  composi|ion  of  Fergana  gasolines  by  the  Raman- 


58. 
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16 


spectrum  method,  and  also  worked  out  a  chemcal  method  of  analysis  of  mixtures  of 


mono-,  di-,  tri-,  and  tetra-substituted  aromatic  hydrocarbons,  a^  the  aromatic  hy- 
drocarbons  formed  on  dehydrogenation  of  hexamethylene  hydrocarbons,  by  oxidizing 
,  them  to  the  corresponding  aromatic  acids.  This  method  is  based  on  the  differential 
.solubility  of  the  acids  themselves,  and  of  their  derivatives,  in  different  solvents. | 

I 

.By  using  this  technique  for  separating  a  irixture  of  aromatic  acids,  he  quantitative- j 
.  ly  determined  14  aromatic  hydrocarbons  in  the  56  -  175°C  cut  (Bibl.96). 

He  also  studied  the  content  of  individual  aromatic  and  cyclohexane  hydrocarbons 
.  (after  dehydrogenation)  in  two  san^les  of  gasoline  from  the  crudes  of  the  Southern 
.Alamyshik  and  Andizhan  deposits.  He  found  that  tri-substituted  aromatic  hydrocar- 
. bons,  with  short  side  chains,  predominated  in  the  150  -  175°C  cut,  and  aiso  found 
mono-  and  di-substituted  hydrocarbons  with  long  side  chains  in  insignificamt  amotmts 1 
Agafonov,  Nikolayeva,  Zirdna  and  Abayev,  at  the  All-Union  Petroleum  Industry 


_ Research  Institute  (Bibl.97),  studied  the  individual  hydrocarbon  conposition  of 

3  I 

fractions  from  paraffin-base  crudes  (Romashkin  and  Tuymazy),  gasolines  from 
_ naphthene-base  crudes  (Ekhab,  Baku,  and  gasoline  from  Zhirnov  crude),  of  catalytic- 


_ ^^cracked  gasoline  and  high-octane  conqjonentjs,  alkylates,  and  technical  iso-octane. 

_ He  obtained  very  interesting  results  on  the  gasoline  fractions  of  the  Zhirnov  crude, 

3 — 

_ with  a  high  octane  number  containing  only  '1%  of  aromatic  hydrocarbons,  and  free  from 

3IJ 

_ cyclopentane,  methyl cyclopentane,  cyclohexine,  and  methyl cyclohexane.  The  high  con- 

3I] 

_ tent  of  isoparaffins  and  the  con^ilete  absepce  of  normal  paraffins  is  characteristic 

3-_  ! 

_ for  this  gasoline. 

j _ 

'  Urmancheyev  and  Robinzon  and  associates  (Bibl.98)  used  the  Raman-spectrum  method 

j 

_ to  investigate  the  individual  hydrocarbon  pompc  sition  of  two  samples  of  straight-run 

I 

_ gasoline  with  an  end  point  of  150®C,  from  trudes  of  the  Bavly  and  Romashks'’,  fields 

3__J 

_ibf  Tatary.  '  j 


They  proved  that  the  chemical  composition  of  the  gasolines  studied,  from  the 


Jcrudes  of  the  same  age  and  from  one  and  thf  same  horizon,  were  the  same. 


58-- j 
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Nlyazov  and  coitforkers,  at  the  Institute  of  Chemistry,  Academy  of  Sciences 


Turkmenian  SSR,  is  systematically  studyinfj  the  group  and  structural-group  con 

I 

tion  of  fractions  of  crudes  from  the  Nebit|-dag,  Kum-dag,  and  Cheleken  fields 


(Bibl.99-101),  ’  '  -  j 

8-_  j 

_  Amosov  (Bibl,102)  applied  the  Raman- spectrum  method  to  a  study  of  the  conposi-  | 

10_  ! 

_  tion  of  gasolines  from  two  Turkmenian  crudes,  to  elucidate  the  relation  between  the  ' 
12-  ; 

_  conpositions  of  the  light  and  heavy  portions  of  each  crude  and  the  conditions  of  ' 
14_ 

—thermodynamic  equilibrium  between  the  individual  gasoline  components. 

16_ 

—  Areshldze,  at  the  Institute  of  Chemistry,  Academy  of  Sciences  Georgian  SSR,  has 

18- 

-  systematically  studied  the  group  composition  and  types  of  hydrocarbons  of  the 

20_. 

—  gasoline-ligroin  fractions  of  the  crudes  oif  the  Georgian  oilfields  (Mirza  and  Supsa) 

—  using  the  method  of  catalytic  dehydrogenation  (Bibl. 103-106). 

24— 

—  Razumov  and  Podkletnov,  at  the  Institute  of  Chemistry,  Sakhalin  Branch,  Academy 

26— 

of  Sciences  USSR,  have  recently  been  studying  the  individual  composition  of  the 

28 

-aromatic,  hexamethylene,  and  condensed  aromatic  hydrocarbons  of  the  gasoline-kerosems 

oO — 

—  fractions  of  Sakhalin  crudes  (Bibl. 107). 

82—1 

—  Studies  of  the  individual  composition  of  a  large  number  of  the  gasoline  frac- 

34- 

— tions  of  USSR  crudes  disclose  the  presence  of  over  100  hydrocarbons,  which  consti- 

36 — 

- -tutes  about  80^  of  the  total  number  of  all, possible  saturated  and  aromatic  hydrocar- 

38- 

—  bons  in  the  boiling  range  of  these  fractions.  The  Raman- spectrum  method,  which  is 

40—  I 

—  -widely  used  in  petroleum  laboratory  practice,  may  thus  be  considered  a  useful  tool  in 

42  I 

-solving  the  problems  connected  with  the  study  of  the  individual  composition  of 
44-  ! 

—straight-run  gasoline  fractions.  i 

4GJ  ; 

The  discovered  irregularities  in  the  concentration  distribution  of  individual 
48-  I 

hydrocarbons  and  the  existence  of  specific  differences  between  the  composition  of 

50^-  I 

crudes  even  from  a  single  oilfield  make  it  particularly  important  to  accumulate  sys-  i 
52—  I 

-tematic  data  on  the  content  of  individual  hydrocarbons  in  USSR  crudes.  Unfortimate- 


y,  it  seems  that  during  the  last  few  years  investigations  of  the  exact  composition  oi 
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6. 

8- 

10- 

12. 

14. 

i6_J 

18- 

20- 

22- 

24- 

28- 

28- 

oO- 


straight-run  gasolines  have  not  reached  the  level  specified  by  the  resolutions  of 


the  All-Union  conference  on  the  study  of  t|! 


and  petrole'um  products,  held  at  Moscow  in 


|he  composition  and  properties  of  crudes 
Ijanuaiy  1956. 


The  detailed  analysis  of  cracked  gaso 


p.nes  which  contain  unsaturated  hydrocar¬ 


bons  is  considerably  more  complicated  tharj  the  analysis  of  straight-run  gasolines. 
Several  attenpts  have  been  made  to  utilizej  Raman  spectra  for  studying  the  individual! 
conqjosition  of  cracked  gasolines 

At  the  Petroleum  Institute  Academy  of  Sciences  USSR,  in  the  petroleum  chemistry] 


laboratory  (with  the  participation  of  the 
cal  Chemistry)  a  Raman-spectrum  method  is 


rection  of  A.V.Topchiyev,  I.A.Musayev,  E.G .Iskhakova,  A.N.Kislinskiy,  and 
G.D.Gal’pern,  for  investigating  the  individual  hydrocarbon  concentration  of  cracked 
gasolines,  using  separation  by  chromatograjphic  absorption,  analytical  catalytic  hy- 


Laboratory  of  Petroleum  Physics  and  Physi- 
being  developed  since  1955,  under  the  di- 


drogenation  and  dehydrogenation,  and  Raman-spectrum  analysis, 

_j  One  of  the  objects  of  study  was  the  refinery  pressure  distillate  of  thermally 

^cracked  gasoline,  produced  from  the  residujum  of  Grozny  waxy  crude.  Two  fractions, 

32  I 

^jboiling  up  to  60°C  and  in  the  range  of  60 

3i. 

88- 
38- 
40- 


44  -J 

42 
4  8 
20 


[-  150  C,  were  separated  from  the  gasoline 

in  a  microfractionator. 

Investigations  of  the  individual  hydrscarbon  conqposition  of  the  narrow  cuts 
boiling  up  to  60®C  were  conducted  by  the  Runan-spectrum  method.  It  was  found  that, 
in  both  the  straight-run  and  cracked  gasolines,  there  was  a  marked  predominance  of 
_jsome  hydrocarbons  over  others.  Thus,  the  three  hydrocarbons  n-pentane,  2-methylbu- 
jtane  and  2-methyl-2-butene,  taken  together^  conqjosed  about  50^  of  the  total  amount 
jof  the  fractions  up  to  60°C  (Bibl.108).  ! 

The  conditions  of  a  chromatographic  method  for  separating  the  unsaturated  hy¬ 
drocarbons  into  hydrocarbon  classes  was  worked  out  on  natural  and  artificial  mix¬ 
tures. 


By  means  of  the  proposed  method,  the  60  -  150°C  cut  of  a  cracked  gasoline  was 
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i 


separated  into  naphthene-paraffin,  unsatuiated,  and  aromatic  classes  of  hydrocarbons 

fBibl.109). _ _ _ 

The  individual  con?x5sition  of  aromatic  and  hexamethylene  hydrocarbons  (after 
dehydrogenation  of  the  naphthene-paraffin  portion,  followed  by  separation  of  the 


freed  aromatic  hydrocarbons  on  silica  gel j  was  studied  by  the  Raman-spectirum  method. 

Toluene  and  m-xylene  predominated  in  the  aromatic  portion  and,  together,  com¬ 
posed  53%>  In  the  hexamethylene  portion,  methylcyclohexane  and  ethylcyclohexane 
together  made  up  1^.6%  (Bibl.llO). 

The  conposition  of  the  olefins  and  cycloolefins  was  studied  from  the  spectra 
.of  the  narrow  original  fractions  before  arid  after  hydrogenation,  and  also  by  the 


—aniline  method.  To  define  the  degree  and  order  of  the  substitutions  at  the  double 

22— 

—  bond  of  the  olefin  molecules,  narrow  olefijn  cuts  were  subjected  to  group  analysis 

24— 

—  from  the  characteristic  Raman  frequencies.  In  the  fractions  boiling  above  1CX)°C, 

26— 

—  the  hydrogenation  products  were  dehydrogenated  to  establish  their  content  of  hex- 

28_] 

._amethylene  confounds  (Bibl.lll). 

oO — 

—  The  coii53osition  of  narrow  cuts  of  thej  pentamethylene-paraffin  portion  was 

32_| 

—  Studied  by  the  Raman-spectrum  method.  i 

34—  I 

—  Other  investigators  have  also  attenptjed  a  partial  analysis  of  the  composition 

36—1  I 

_,of  cracked  gasolines  by  the  Raman-spectrum  method.  Thus,  Mamedaliyev  and  associates 

38_J 

_.(Bibl.ll2)  used  this  method,  parallel  with  the  chemical  method,  to  investigate  the 

40— 

.  pentane-pentene  fraction  of  a  cracked  gasoline.  Tilicheyev  and  associates  (Bibl.113 1 

42- 

J(TsIATIM  and  Moscow  State  University)  applied  this  method,  with  a  methodological  ob- 
44 -|  I 

'ject,  to  a  quantitative  analysis  of  the  coinposition  of  aromatic  hydrocarbons  in  frac- 

4.6—1 

_  tions  of  cracked  gasolines,  to  which  these  hydrocarbons  had  artificially  been  added. 

48  _| 

Recently,  in  connection  with  the  vigorous  growth  of  jet  aviation  and  diesel  en- 
50.--:  ! 

Igine  use,  the  medium-boiling  ligroin-keros^ne  fractions  of  crude  have  become  particu- 


arly  important. 

The  investigation  of  the  chemical  com] 
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of  the  straight-run  ligroin- 


kerosene  fr&ctlons  of  crude  Involves  great]  difficulties^  since  their  conposition  is 


more  '’OP'r^  that  nf  the  fflHoJIneg.  In  this  connection,  tha  task  of  studying — 

the  coaposltlon  of  the  kerosene  fractions  of  crudes  does  not  consist  in  characteriz- 
-ing  the  individual  hydrocarbon  composition  (which  is  possible  for  the  straight-run 

-  gasoline  fractions )  but  only  in  a  more  or  less  detailed  characterization  of  the  hy-  | 

-  drocarbon  types  and  groups:  of  the  aromatic,  naphthene,  and  paraffin  series* 

Research  originally  started  both  in  the  USSR  and  abg'^ad  toward  working  out  a 

-  group  analysis  method  for  the  con^osltion  of  relatively  wide  kerosene  fractions  of 

-  crude.  The  study  of  high-boiling  fractions  by  the  classical  methods  of  organic 


-Chemistry  showed  that  the  unusual  coaplexity  of  their  conposltion  would  make  it  nec- 
-essary  to  use  a  group  of  more  modern  physicochemical  and  physical  methods  of  analy- 
-  sis.  V.V.Markovnikov  already  understood  the  inadequacy  of  the  classical  methods  and 


—turned  to  I.I.Kanonnikov  to  confirm  his  conclusions  on  the  cyclic  nature  of  the 
-  naphthenes  by  physicochemical  methods.  At'  the  chemical  laboratory  of  Kazan  Universi 


— I 

-Jty,  Kanonnikov  (Bibl.114)  first  demonstrated  the  ring  structure  of  the  naphthenes 

uO - j 

-'studied  by  Markovnikov  and  of  certain  terpenes  investigated  by  Wagner,  using  the  re- 

32— 

--■fractometric  method.  This  method,  in  conjanction  with  others,  was  the  basis  of  the 

34— 

—  so-called  ’’ring  analysis”  proposed  by  Fluegter  and  Waterman.  This  method  was  later 
36—  [ 

--considerably  in?)roved  by  the  authors  themselves  and  by  other  investigators. 

38—) 

—I  Under  the  direction  of  N.D. Zelinskiy,  Gal’pem  and  Musayev  (Bibl. 11 5-118)  ap- 

40—1 

-plied  the  refractometric  method  to  the  anaiLysis  of  narrow  cuts  of  saturated  hydro- 

42  _ 

—carbons  from  the  kerosene,  oil  and  higher  boiling  fractions  of  Koschagyl  crude. 


These  authors  worked  out  a  version  of  the  apparatus  setup  for  analytical  pressure 


J 


ydrogenation  and  showed  that  aromatic  hydrocarbons  of  various  structure  could  be 
ydrogenated  without  changing  their  structure. 


1  The  picrate  method  has  been  widely  usid  in  recent  years  to  investigate  the  con- 
-densed  aromatic  hydrocarbons  in  the  kerosene  fractions  of  petroleum. 


56-;-,- 


Nametkin  and  Pokrovskaya  successfully 'applied  the  picrate  method  to  the  qualita4 
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.  tlve  analysis  and,  in  isolated  Instances,  to  the  semiquantltatlve  analysis  of  the 

naphthalene  horolo^  In  the  kerosene  fracllons  of  a  number  of  USSR  crudes* _ 

Systematic  studies  of  the  kerosene  fi actions  of  crudes  from  various  regions  of 
the  USSR  showed  the  presence  of  naphthalete,  methylnaphthalenes,  dl-  and  trimethyl- 
J naphthalenes,  and  tetramethylnaphthalenes.  Romashkln  kerosene  is  an  exception.  Her^ 

I 

a  mixture  of  isomers  of  dimethylisopropylraphthalene  was  noted.  j 

I 

In  investigating  the  kerosene  fracticns  of  Bnba  crudes  it  was  found  that  the  ; 


kerosene  produced  from  Makat  crude  did  not  contain  naphthalene  or  its  homologs,  j 
while  the  kerosenes  from  Dossor  crude  contains  condensed  aromatic  hydrocarbon 
;(Bibl.ll9,  124). 

Robinzon  and  Grishina  investigated  the  kerosene  fractions  of  Bavly  crude  by  the 
picrate  method  (Bibl.125).  i 

Applying  catalytic  dehydrogenation  tol  the  kerosene  fractions  separated  ai'ter 


removal  of  the  aromatics  over  silica  gel,  Kozenberg  and  Nifontova  (Bibl.126,  12?) 


^ascertained  the  content  of  decalin-series 


^from  Surakhan  and  Dossor  crudes,  and  estaoLished  their  structure.  They  showed,  at 


carbons  in  the  kerosenes  produced 


_ jthe  same  time,  that  decalin  and  its  homologs  are  present  together  with  the  corre- 

3'i—\ 

_ spending  homologs  of  naphthalene. 

36^ 

_  Rozenberg,  in  connection  with  the  study  of  the  composition  of  the  kerosene  frac" 

38— 

_ tions  of  petroleum,  refined  a  technique  of  separating  the  normal  paraffins  from  thei:; 

40Z] 

_inixture8  with  isoparaffins  and  naphthenes  py  the  carbamide  method  (Bibl.128,  129). 

42  Zl 

_ Topchiyev,  Rozenberg,  Nechitaylo,  and  Terefat*yeva  studied  the  properties  of  crystal- 

44Z]  j 

line  complexes  of  n-paraffins  with  carbonate  and  investigated  systems  of  individual 

_ paraffins  by  the  thermographic  method  (Bib|..130-134)» 

4.8  i  i 

_  The  compilation  of  absorption  spectra^  of  individual  hydrocarbons  is  of  great 

50 --J 

_mportance  for  the  examination  of  petroleum  fractions  by  ultraviolet  absorption  spec- 

52Zj  ,  i 

_jtroscopy  (as  it  is  also  the  case  for  other)  spectral  methods). 

Z  Entirely  insufficient  attention  has  been  paid  up  to  now  to  the  syn'Uiesis  of 
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hi^-purity  individual  hydrocarbons,  and  tio  their  spectral  examination  by  means  of 


USSR  inst laments.  Only  two  papers  have  be 


en  published  giving^  the  results  of  a  study 


of  ultraviolet  absorption  spectra  of  individuaLL  aromatic  hydrocarbons  (in  solution). 
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On  anal3rsls  of  gasolines  by  the  photographic  method,  Shtandel*  and  Shostenko 


(Bibl.135)  found  the  near-ultraviolet  absc 
and  p-xylenes,  ethylbenzene,  psuedocumene. 


rption  spectra  of  benzene,  toluene,  o-,  m-| 
m-diethylbenzene  and  propylbenzene.  Thus,j 


in  investigating  the  individual  conposition  of  gasolines  by  ultraviolet  absorption 


spectrophotometry,  Zimina  and  Siryuk  (Bibl 
of  benzens,  toluene,  o-,  m-,  and  p-xylenea 
About  12  years  ago,  on  the  suggestion 


.136,  137)  obtained  the  absorption  spectra 
,  and  ethylbenzene. 

of  S.S.Nametkin,  at  the  Petroleum  Chemis¬ 


try  Laboratory,  Petroleum  Institute,  Academy  of  Sciences  USSR,  Pokrovskaya  and  asso¬ 
ciates  commenced  the  synthesis  and  systematic  study  of  the  propeirties  of  naphthene- 
aromatic  hydrocarbons,  combined  with  cyclo pentyl  and  cycle hexyl  radicals  (Bibl. 138- 
-I48),  and  subsequently  prepared  a  large  niunber  of  individual  compounds. 

The  synthesized  hydrocarbons  were  characterized  by  their  physical  constants, 
and  the  purity  of  most  of  them  was  determined  by  the  thermographic  method  developed 
by  N.I.Lyashkevich  at  the  Petroleum-Chemistry  Laboratory. 

The  following  hydrocarbons  were  synthesized: 

1.  Alkylaromatic; 

2.  Mono-,  di-  and  trimethylbenzene] 
attached  to  the  aromatic  nucleus; 

3.  Naphthalene  and  ethylnaphthalen^  with  cyclohexyl  and  cyclopentyl  rings 
as  substituents; 

4.  Tetralin  and  diphenyl  with  a  he^l  chain  attached  to  the  aromatic  ring; 

5.  Hydrocarbons  of  the  indane  seri^  with  alkyl  radicals  in  the  aromatic 
nucleus,  and  indane  with  cyclohexyl  rings  in  the  aromatic  nucleus; 

6.  1,4-dicyclohexylcyclohexane,  l,;|,5-tricyclohexylcyclohexane. 


with  cyclohexyl  and.  cyclopentyl  rings 


56—1 _ 


1, 4- dimethylcyclopentylcyclo  hexane,  1,3,5-trimethylcyclopentylcyclohexane, 


53- 
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dicyclopentylcyclohexane,  methylcyblopentylcyclohexane,  cyclohexyl-  and 


-jaet)qrlcycloh«qyl-decaliny-c-yclopen|tyl-— and  methylcy-clopentyi-decalln* - 

I 

The  near-ultraviolet  absorption  spectjra  of  the  above  hydrocarbons  were  studied 


-at  the  Laboratory  of  Petroletun  Physics  and  Physical  Chemistry,  Petroleum  Institute, 
Academy  of  Sciences  USSR,  using  the  photoelectric  method  (Gal^pem,  Kusakov, 
Shimanko),  and  the  photographic  method  (Kusakov,  Shishkina),  These  included  twelve 
cyclohexylbenzenes,  ten  cyclopentylbenzenes,  four  naphthalenes,  and  eleven  indane 
derivatives  (Bibl.149,  150),  The  study  showed  these  conpounds  to  possess  rather 
-  characteristic  near-viltraviolet  absorption  spectra.  This  made  these  spectra  useful 
-in  establishing  the  positions  of  the  substituents  in  the  above  conporands. 


The  absorption  spectra  in  the  near-ulpra violet  were  obtained  for  the  first  time 
-for  almost  all  the  naphthene-aromatic  hydrocarbons  under  study. 

Up  to  now  there  have  been  almost  no  investigations  on  the  effect  of  cycloalkyl 
-substituents  on  the  absorption  spectrum  of  benzene  in  the  near-ultraviolet. 

It  was  found  that  the  absorption  spectrum  in  the  near-ultraviolet  is  very  simi- 
-lar  in  appearance  for  both  cyclohexyl-  and  cyclopentylbenzenes. 

It  was  found  that,  depending  on  the  ciaracter  of  the  substituent  in  the  benzene 
-ring  (methyl,  other  alkyl,  cyclopentyl,  or  cyclohexyl  groups),  there  is  a  slight 
-shift  in  the  wavelength  of  the  maxima  of  tie  absorption  bands  and  a  change  in  their 


— relative  intensity.  These  changes  depend  ;3rimarily  on  the  nature,  nianber,  and  rautua 
— position  of  the  substituents  in  the  benzens  ring.  If  the  absorption  spectra  of  thes' 

—  conpounds  are  examined  under  the  same  inst  rument  and  under  the  same  experimental  con- 
— ditions,  the  data  may  be  used  to  identify  individual  compounds, 

—  The  absorption  spectra  of  indane  and  its  homologs  were  obtained  by  Shishkina 
— ,with  a  spectrograph  and  were  also  recorded | with  the  recording  spectrophotometer  at 
— Ithe  Optical  Laboratory  of  the  INBOS,  Acadeipy  of  Sciences  USSR,  under  the  direction 


3f  I,V,0breimov,  These  spectra  are  of  considerable  interest,  in  view  of  the  very 
Inaccurate  existing  data  on  certain  of  theie  conpounds. 


j 

4cl- 
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The  accumulation  of  information  about  the  absorption  spectra  of  individual  com- 


-- -pounds  will-nake  it  possible  io.  use  Jthe  m<thod.of  nearr-ultravlolet  abBQrptlon-^>se=- 

—  tral  analysis  to  investigate  the  structural  and  group  con^sltlon  of  the  kerosenes 

—  and,  in  some  cases,  also  of  the  higher  boiling  petrolevun  fractions. 

8_ 

—  To  elucidate  the  group  features  relative  to  the  character  of  the  mutual  posi- 

,0_ 

—  tion,  structure,  and  number  of  the  naphthalene  and  aromatic  rings  and  the  influence 


of  alkyl  substituents  on  these  features,  Gal*pem,  Kusakov,  and  Smirnov  studied  the  , 
infrared  absorption  spectra  of  nine  individual  naphthene-aromatic  compounds:  cyclo- 
hexylbenzene,  cyclohexyl  o-,  m-,  and  p-xylenes,  cyclohexylmesitylene  and  cyslopentyl 
0-,  nt-,  and  p-xylenes  as  well  as  cyclopentylmesitylene.  Except  for  cyclohexylben- 
zene,  this  was  the  first  time  that  the  infrared  spectra  of  these  substances,  synthe¬ 
sized  at  the  Pokrovskaya  Petroleum  Chemistry  Laboratory,  were  found  (Bibl.149). 

An  analysis  of  these  spectra  showed  that  the  absorption  bands  characterizing 
-the  type  of  substitution  of  the  benzene  rihg  in  alkylbenzenes  are,  in  the  main,  pre- 


ihg  iJ 

j _  -a  j  . 


-j served  in  these  compounds  as  well.  Certain  differences  were  also  found  in  the  spec- 

‘ — j 

— !tra  of  cyclohexyl-  and  cyclopentyl-  substituted  benzenes  of  similar  structure,  givim 

—  reason  to  expect  that  it  will  be  possible  to  determine  the  type  of  the  naphthene 

—  constituent  from  the  infrared  absorption  spectra. 

—  Zimina,  logansen,  and  Siryuk  (VNII  NP)  (Bibl.l5l),  using  an  KS-U  spectro¬ 


meter*,  have  worked  out  a  method  of  quantitative  determination  of  the  CH2-group  con¬ 
tent  in  mixtures  of  naphthene-paraffin  hydUjcarbons.  A  check  of  this  method  on  art!-' 


jficial  mixtures  containing  ^12  saturated  hydrocarbons  showed  its  accuracy  to  be  t  1^ 


Dhe  same  authors  also  investigated,  from  t|ie  infrared  absorption  spectra,  the  types 

I 

3f  unsaturated  structures  of  the  monoolefins  in  thermally  cracked  kerosenes,  and 

[■or  a  number  of  catalytic- cracked  motor  anil  aviation  gasolines. 

1 

Shumulyakovskiy,  Aleksandrov,  Kurtsinivskaya,  and  Savost»yanova  (Bibl.152)  have 


fvb.-J.- 


*-The  literature  data  were  used  to  calibrate  the  in6ti<uffient8  for  individual  sub- 
itances.  | 
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Jdescrlbed  a  rapid  method  of  determining  the  total  aromatic  hydrocarbons  In  gasoUn^ 


using  the  SF~L  spectrophotometer  In  the  re^on  of  the  harmonics  of  the  C-H  vlbra- 
.tlons,  based  on  the  assunptlon  that  the  rajtlo  between  the  individual  components 


—.(benzene,  toluene,  aqrlenes)  varies  only  insignificantly.  | 

_  I 

__  The  character  of  the  ultraviolet  absorption  spectra  from  2000  to  4000  1  permits, 

j 

__them  to  be  used  mainly  for  the  analysis  of  aromatic  conqpoundsi  benzenes,  naphtha-  | 
_lenes,  tetralins,  indanes,  diphenyls,  and  >ther  more  conplex  polycyclic  coipounds.  j 
In  conjunction  with  the  catalytic  dehydrogfenation  method,  the  ultraviolet  absorption! 


_ spectra  permit  a  study  of  the  structure  anl  coiposition  of  cyclohexane  and  decalin 
__ hydrocarbons,  and  of  certain  others. 

_  When  kerosene  fractions  contain  a  lar?e  number  of  isomers,  and  also  as  a  result 

_of  the  relatively  low  selectivity  of  the  ultraviolet  absorption  spectra,  it  is  im- 
__ possible  to  investigate  the  individual  comsosition  of  the  ®^ro®*^‘tic  fractions. 

_  The  study  of  the  ultraviolet  absorption  spectra  is  the  most  effective  method, 

_and  sometimes  even  the  only  possible  methoi,  of  qualitative  analysis  of  naphthalenes 
._and  higher  polycyclic  aromatic  hydrocarbons,  which  have  characteristic  and  intense 
Ijabsorption  bands  in  the  long-wave  region  of  the  spectrum  (3000  -  4000  1).  At  the 


etroleum  Institute,  Academy  of  Sciences  U^R,  A.V.Topchiyev,  L.M.Rozenberg, 
e.S. Pokrovskaya,  S.S.Nifontova,  M.M.Kusakdv,  M.V. Shishkina,  and  others  have  com- 


enced  to  work  out  a  method  for  investigating  the  hydrocarbon  composition  of  straight 


run  kerosenes.  This  study  is  being  conducted  as  follows:  The  straight-run  kerosene 
is  distilled  into  wide  cuts  which  are  then  separated  chromatographically  into 
naphthene-paraffin  and  aromatic  coiponents[  The  condensed  aromatic  hydrocarbons  are 

I 

studied  by  the  picrate  method,  and  ty  the  ^ear-ultraviolet  absorption  spectra.  The 
fractions  of  mono-  and  bicylic  aromatic  hydrocarbons  freed  from  the  condensed  aromat- 


UU. - ' 

rio  I 


c  hydrocarbons,  are  next  distilled  into  more  narrow  cuts.  The  conposition  of  the 


arrow  cuts  of  aromatic  hydrocarbons  so  separated  is  then  investigated  by  the  ultra- 


Lolet  absorption  spectral  method.  To  separate  the  normal  paraffins,  the  naphthene- 


rss  —1 
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paraffin  portion  Is  treated  vdth  carbamide.  The  normal  paraffins  separated  are  then 
alcrofractlonated.  _  _ _ _ _ 


The  naphthene-isoparaffin  portion  of  the  cuts  Is  subjected  to  an  analytical  de¬ 


hydrogenation  according  to  N.D. Zelinskiy.  The  catalyzate  obtained  Is  then  chromato¬ 
graphed  to  separate  the  aromatic  hydrocarbons  liberated  from  the  pentamethylene- 


Isoparafflns.  The  aromatic  hydrocarbons  sjeparated  are  freed  from  the  condensed  hy- 

j 

) 

drocarbons  and  are  then  fractionated  Into  jnarrow  cuts  and  studied  chemically  and 


spectroscopically.  The  structural- group  oonposltlon  of  the  mono-  and  bl cyclic 
aromatic  hydrocarbons  is  determined  from  the  ultraviolet  absorption  spectra;  the 
bicyclic  condensed  hydrocarbons  are  also  investigated  by  the  picrate  method. 

The  kerosene  fractions  of  Suraklian,  Tuymazy  and  Romashin  crudes  were  studied. 

A  number  of  aromatic  and  naphthenic  hydrocarbons  were  also  separated  from  the  kero¬ 
sene  fractions  and  identified. 

On  the  basis  of  the  experimental  data)  obtained  at  the  Petroleum  Institute 


jjAcademy  of  Sciences  USSR,  and  as  a  result  of  an  analysis  of  the  literature  data  on 


-the  absorption  spectra  of  individual  alkylnaphalenes,  it  was  foimd  that,  for  one  and 
-the  same  type  of  substitution  in  the  aromatic  ring,  the  absorption  mairima  vary  in 


lavelength  and  relative  intensity  only  slightly  with  the  structure  of  the  substituen' 


saturated  groups.  This  peculiarity  of  the  ultraviolet  absorption  spectra  was  the 
basis  for  the  structural-group  analysis  of  the  mono-  and  bicyclic  aromatic  llgroin- 
kerosene  fractions  with  a  boiling  range  of  160  -  300°C  (Bibl.153  -  160). 

Kusakov  and  Shishkina  successfully  applied  the  near-viltraviolet  absorption  spec¬ 
tra  to  the  study  of  narrow  cuts  of  monocyciic  aromatic  hydrocarbons  separated  from 


-Romashkin  and  Tuymazy  kerosenes  before  and^  after  analytical  dehydrogenation,  and 

-from  Surakhan  kerosenes  after  dehydrogenation  (Bibl.149  -  160). 

■■ 

It  was  found  that  the  maxima  and  the  points  of  inflection  in  the  absorption 

I 

-bands  of  various  fractions  (in  the  boiling  range  of  160-3CX)°C)  correspond  to  the 
jcharacteristic  absorption  maxima  of  alkylb^nzenes  of  certain  substitution  types. 
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—  A  con^sarison  of  the  absorption  spectra  of  narrow  monocyclic  aromatic  fractions 

> _ 

—  with- the  -absorption  maxima, in  theT-tearvultraviolet  that  are  characteristic  for _ 

—  alkylbenzenes  and,  in  individual  cases,  with  the  spectra  of  individual  methylben- 

— zenes,  showed  that  Romashkin  kerosene  contains  alkylbenzenes  with  a  definite  number 

—  and  position  of  the  substituent  groups,  as  well  as  pseudocmene,  durene,  and  iso- 

)-  i 

—  durene.  i 

) _  j 

—  In  all,  in  the  fractions  of  monocyclijc  aromatic  hydrocarbons  from  Romashkin  and| 

L_  I 

Tuymazy  kerosenes,  the  presence  of  monoalkylbenzenes,  p-  and  m-dialkylbenzenes,  trd- 

—  and  tetraalkylbenzenes  was  established.  Tetralin  was  detected  in  one  of  these 

—  fractions . 

)_ 

—  The  spectra  of  the  alkylbenzenes  in  Romashkin,  Tuymazy,  and  Surakhan  kerosenes 

■i 

—  showed  the  presence  of  alkylcyclohexanes  >ith  a  definite  number  of  substituent 

L_ 

—  groups,  in  definite  positions.  The  absorption  spectra  and,  consequently,  the 

3 _ 

-  structural- group  composition  of  the  hexamefthylene  hydrocarbons  from  the  Devonian 

—  -  ciTudes  of  Romashkin  and  Tuymazy  are  very  similar  in  the  boiling  range  of  200  -  300°C . 

— ,  The  tetra-substituted  benzenes  are  only  weakly  represented  in  the  spectra  of  a 

—  -i-ximber  of  aromatic  fractions  separated  from  dehydrogenated  Surakhan  kerosene,  which 

i-! 

—indicate  that  the  concentration  of  tetraalkylcyclohexanes  is  lower  in  the  Surakhan 
3—  “ 

—  kerosene  than  in  the  Tuymazy  and  Romashkin  products. 


A  study  of  the  structural-group  composition  of  the  monocyclic  aromatic  fractions 
on  the  basis  of  the  ultraviolet  absorption  spectra  is  possible  only  when  the  naphtha¬ 
lene  hydrocarbons  are  present  in  amounts  npt  exceeding  thousandths  of  a  percent. 

1  Ultraviolet  spectroscopy  may  be  recomjnended  as  a  reliable  method  of  checking 

J  I 

-the  degree  of  separation  of  the  monocyclic^  aromatic  hydrocarbons  from  the  condensed 

-bicyclic  hydrocarbons.  I 

j  In  examining  the  spectra  of  fractions! consisting  of  bicylic  condensed  aromatic 

~j  j 

hydrocarbons,  the  presence  of  monocyclic  hydrocarbons  causes  no  trouble,  and  it  is  : 


>nly  rather  large  amounts  of  polycyclic  cohdensed  hydrocarbons  (10  -  12^)  that  pre- 
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.vent  a  apectral  determination  of  the  narrow-group  composition  of  the  naphthalenes. 

_ From,  the  absorption  spectra  of  fractions  of  naphthalene  hydrocarbons  of _ 

Romashkin  kerosene  (200  -  300^0),  a  number  of  methylnaphthalenes  and  dimethyliso- 
. propylnaphthalenes  were  identified,  together  with  1,4,5»7-  and  2,3,6,7-tetraBiethyl- 
.  naphthalenes  (Bibl.157). 

Traces  of  naphthalene,  and  of  its  mono-,  di-,  and  tri-substituted  homologs,  | 

I 

1  ! 

were  detected  by  the  ultraviolet  absorption  spectra,  in  the  dehydrogenation  product 

of  Tuymazy  kerosene,  in  concentrations  in?)eni)issible  for  the  picrate  method 
;  (Bibl.155). 

The  methodological  development  of  the  Raman-spectrum  method  of  investigating 


the  hydrocarbon  composition  of  the  keroserfe  fractions  of  petroleum  is  now  being  con¬ 


tinued  at  the  Petroleum  Institute,  AN  SSSR. 

In  addition  to  the  work  at  the  Petroleum  Institute  AN  SSSR  on  the  composition 


of  kerosene  fractions  by  means  of  the  ultraviolet  absorption  spectra,  Zimina  and 

3  ! 

~[]Sur7uk  (Bibl,136),  at  the  VNIi  NP,  have  determined  the  total  naphthalene  hydrocarbon 

■0  i 

'in  the  aromatic  fractions  of  Romashkin  anq  Tuymazy  kerosenes.  The  content  of  in- 


jdi\'idual  hydrocarbons,  naphthalene 


hkin  and  Tu; 
,  1-  and  2-1 


[from  the  absorption  spectra  in  the  low-boiling  fractions  of  these  kerosenes. 


methylnaphthalenes  was  also  determined 


42_  have  attenpted  in  this  sketch  to  give  a  short  survey  only  of  the  principal 

^^4~work  on  the  study  of  the  conposition  of  thjj  light  fractions  of  USSR  crudes.  We  have 
,4jj“paid  particular  attention  to  the  work  connected  with  the  N.D. Zelinskiy  school. 

i 

10  As  will  be  clear  from  this  survey,  thfe  work  on  the  conposition  of  the  petroleum 

50  ifractions,  until  the  late  1930’ s,  referred' primarily  to  the  group  chemical  character 
r;o  tization  of  the  light  gasoline  and  gasoline^ligroin  fractions  of  petroleum.  In  the 


j  1940’ s,  methods  of  studying^ t}^  individual  composition  were  developed  for  the  light 
-0  'fractions  and  were  successfully  applied  to  the  examination  of  USSR  crudes. _ _ 

'  ■’7_^CI^580/III  2^ 


In  connection  with  USSR  development  of  the  const  miction  of  aircraft  and  auto- 


lile  engines  and  eoqpanaion  of  the  chi 


industry:,  the  requirements  for  the 


-quality  of  engine  fuels  and  of  raw  materials  for  industrial  organic  synthesis  were 
-modified.  It  now  became  necessary  to  make  detailed  studies  of  the  hydrocarbon  com-  ; 

I 

-position  of  the  benzene-kerosene  fractions  of  petroleum.  | 

1 

1 

On  passing  to  the  study  of  the  ligroin-kerosene  fractions,  efforts  were  again 

i  1 

directed  toward  developing  methods  of  grouD  analysis,  but  now  on  a  higher  basis,  witji 
-furt/her  differentiation  of  the  subgroups  of  hydrocarbons.  | 

It  is  obvious  today  that  the  study  ofj  the  structure  and  properties  of  the  hydro¬ 


carbons  contained  in  petroleum  fractions  and  petroleum  products  is  not  only  neces¬ 
sary  for  a  rational  selection  of  fuels  for  various  engines,  but  also  to  reveal  the 
-resources  of  hydrocarbons,  saturated  and  uisaturated  alike,  which  are  used  in  petro- 
-  chemical  synthesis. 

On  the  other  hand,  it  is  also  obvious  that,  to  establish  an  experimentally  base 
-theory  of  the  origin  of  petroleum  and  its  changes  under  the  conditions  of  migration. 


--.the  field  must  not  be  confined  to  purely  gsological  and  geochemical  factors.  To 

2Z-\ 

-  'solve  the  problem  of  the  extraction  of  pet^leimi,  it  is  essential  considerably  to 

34- 


deepen  and  broaden  the  experimental  data  oh  the  nature,  concentration,  ajid  structure 
of  the  hydrocarbon  and  non- hydro carbon  components,  and  of  the  organosulfur,  nitrogen¬ 
ous,  and  oxygenous  conpounds  entering  into} the  composition  of  petroleum. 
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